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博士学位論文要旨 
 
参加型モデルベース学習サイクルを用いた 
バリューチェーン設計手法の研究 
 
 
 
近年産業界は歴史的な転機を迎えている。その背景には、IoT や AI などの技術進化
により、従来のバリューチェーン(価値連鎖)が大規模複雑化していることが、要因とし
て挙げられる。また社会問題も急速にグローバル化が進んでおり、問題が大規模複雑化
している。この大規模化は、ステークホルダがより多様化し、メンタルモデルの理解を
困難にする。またビジネス、社会システムの規模拡大は、要素間の相互関係性を複雑と
し、システム自体の把握、理解を困難にする。その結果、この大規模複雑な環境下にお
いて、新たな価値創造を行うことが困難になっている。 
本研究では、この大規模複雑な環境下で、新たな価値創造と価値を提供するバリュー
チェーン設計手法として、参加型モデルベース学習サイクルを提案し、その有効性検証を
行った。本手法は、参加型システム分析、モデルベースシステムズエンジニアリング、学習
サイクルの 3 つの手法の組み合わせ、新たな手法として提案した。参加型システム分析の、
ステークホルダの多様性を活用した将来の要求把握およびステークホルダのメンタルモデ
ル理解、モデルベース システムズ エンジニアリングのシステムモデル分析および設計、学
習サイクル（Evolutionary Learning Laboratory）の環境変化へ適応する継続的なモデル
進化と学習の特徴を融合している。本提案手法は、定義、分析、設計、実行と内省の４つの
フェーズで構成され、各フェーズにおいて、ステークホルダが参加できるようモデルでシス
テムを可視化しながら、自己定義、目的定義、環境分析、要求分析、コンセプト設計、バリ
ューチェーン設計、検証項目設計、実行と内省の 8 つのステップでバリューチェーンの設
計を行う。 
本手法の有効性検証にむけ、実際の製品開発、ビジネスモデル創造、社会問題解決で
適用した。検証を通じ、参加者のシステム理解向上による参加度合の向上、参加者の多
様性を活用したシステム及びメンタルモデル理解の促進、抽出された顧客要求を網羅す
るバリューチェーン設計、そして要求からバリューチェーン要素までの関係性の明確化
が図れ、本手法の有効性が検証された。 
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Value chain design and engineering method  
using Participatory Model-based Learning Cycle 
 
 
Abstract 
 
Nowadays all industries are moving towards historical turning points. 
This is because the evolution of technologies makes products and business value 
chain enlarged and complicated. Also social issue becomes to be globalized, tends to 
be mounting rapidly and complicated. The complexity of elements depends upon 
stakeholder diversified and the difficulty in understanding the mental model of 
stakeholders. The complexity of connections depends upon the system structure 
itself becomes larger in scale due to expansion of the environment, and system 
operations being complicated by cross-interference. The complexity makes new value 
creation and problem-solving difficult.  
The purpose of this study is to establish the method to design Value 
chain to adapt such an enlarged and complicated industry and social environment. 
Participatory Model-based Learning Cycle has been proposed as the method to create 
a value chain. This method is a combination of three methods. First, participatory 
systems thinking approach to grasp future demands considering environmental 
changes and understands the mental models of diversified stakeholders. Second, 
Model-based systems engineering method for system analysis and design. And third, 
the learning cycles of the Evolutionary Learning Laboratory (ELLab.) as a 
mechanism, which can continuously adapt to environmental changes or solve 
problems. This method has eight elements of the four phases: definition, analysis, 
design and implementation. The eight elements are organized 1. self-definition; 2. 
purpose definition in the definition phase; 3. environmental analysis; 4. 
requirements analysis in the analysis phase; 5. concept design; 6. value chain design; 
7. verification and validation design in the design phase; 8. Implementation and 
reflection in the implementation phase.  
In order to verify this method, this has been applied to three different 
actual cases. First, this method evaluated by applying for a development of new 
engine platform. Second applied case is a new business model creation. And the third 
one is the case study of solving social issues: NEET issue, which is the one people 
  
who are Not in Education, Employment or Training. Through the applied studies, 
the effectiveness of this method has been studied. This method is effective for the 
understanding of system, improving the identity of participants, the degree of 
leverage the diversity and investigation of stakeholders’ mental model. In addition, 
The method by using the expanded Quality Function Diagram enable to assign the 
all stakeholders’ requirements into value chain elements. The created value chain 
mutually complemented by all value providers who have different functions. This 
system model indicates the all connectivity between requirements and value chain 
elements as value providing system. Therefore, these models enable to modify 
systemically to adapt changes of environment, stakeholders’ requirements through 
the learning cycle. 
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1. Introduction 
 
 
Nowadays all industries are moving towards historical turning points. 
This is because the evolution of technologies makes products and business value 
chain enlarged and complicated. Also social issue becomes to be globalized, tends to 
be mounting rapidly and complicated. The complexity of elements depends upon 
stakeholder diversified and the difficulty in understanding the mental model of 
stakeholders. The complexity of connections depends upon the system structure 
itself becomes larger in scale due to expansion of the environment, and system 
operations being complicated by cross-interference. The complexity makes new value 
creation and problem-solving difficult.  
A current problem of business competitive environments and social 
issues are becoming large-scale and complication of systems. A system is a set of 
elements or parts that is coherently organized and interconnected in a pattern or 
structure. The compressibility is based on the elements themselves, their 
connections and its environment. One factor that contributes to system complication, 
the complication of elements, stems from the increasing variety of stakeholders and 
the difficulty to understand the mental model of the stakeholders. The second one, 
connection complexity, comes from the increasing scale of inherent system structures 
due to extension of boundaries, as well as complex system operation due to mutual 
interference. Moreover, this system finds itself in an environment reform period 
where many drastic changes are happening. For this large scale and complex system, 
there are requirements to set up a sustainable solution method. During the 
requirement analysis phase, it is necessary to analyze the targeted system and its 
operation to be able to analyze the mental models of various stakeholders. In the 
system design phase, system with complete stakeholders and value chain needs to 
be designed to get a holistic value design. In the system verification phase, the 
verification plan for the value delivery system can be designed. Lastly, in the 
implementation phase, it is a requirement to be able to continuously solve problems 
in an ever changing environment.  
Accordingly, in this research, we propose an approach; Participatory 
Model-based Learning Cycle (PMLC) to create a new value, and value chain design 
for the realization. This method is a combination of three methods; 1. Participatory 
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systems thinking approach to grasp future needs considering environmental changes 
and understands the mental models of diversified stakeholders. 2. Model-based 
systems engineering method for system analysis and design 3. The learning cycles 
of the Evolutionary Learning Lab (ELLab.) as a mechanism, which can continuously 
adapt to environmental changes or solve problems. By applying it to product 
development, societal problem solution and business model creation, we will verify 
the validity of this approach. 
 
 
 
2. Method of Approach 
 
 
In this study, a system design management technique is proposed for 
complex competitive environments and social problems. Environments in which 
system elements, the relationship between the elements, and the systems are placed 
become complicated on a large-scale and render new value creation and problem-
solving difficult. The complexity of the elements depends upon stakeholder diversity 
and the difficulty in understanding the mental model of stakeholders. The 
complexity of the connections depends upon the system structure itself becoming 
larger in scale owing to environmental expansion and system operations being 
complicated by cross-interference. Thus, business and global environments are 
experiencing a revolution owing to technology innovation and are governed by the 
severity of the changes.  
Techniques for addressing these individual complexities require the 
analysis of mental models of diverse stakeholders in the requirement analysis phase 
as well as the ability to analyze specific systems and their operations. At the system 
design phase, it is possible to design systems for all stakeholders and all value 
chains are geared towards holistic value designs. Subsequently, during the system 
verification phase, design verification plans can be established for value-added 
systems. Finally, at the implementation phase, continuous problem solving is 
required for volatile environments. Based on these requirements, we propose a 
technique combining the evolutionary laboratory learning cycle for understanding a 
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mental model based on participatory system thinking, problem analysis, and holistic 
design based on systems thinking, techniques for model-based systems engineering 
for system design, and methods for continuous problem solving. Table 1 shows the 
relationship between the requirements for the method and the techniques 
themselves. 
Below, we will explain the efficacy of systems engineering, model 
based, and the learning cycle, as employed in value chain design and engineering 
using a Participatory Model-based Learning Cycle. (PMLC) 
 
Systems engineering: 
 Enables the requirement analysis of all stakeholders for the required 
design 
 Holistic value design (value design of not only products, but value 
chain systems for manufacturing, sales, products, and services) 
 Enables the verification from an objective-oriented systems approach 
 
Model-base (structuring): 
 Facilitates stakeholder understanding and participation through 
model visualization 
 Identifies the structures and relationships between elements, 
facilitates problem solving, and hypothesizes building  
 Facilitates the quantification of qualitative elements 
 Identifies the connection between requests and solutions 
 
In addition, model-based learning cycle techniques: 
 Facilitates the reflection of implementation results after hypothesis 
testing 
 Enables to keep the factors of success and failure into the models 
 Enables partial editing according to environmental changes 
 
This results in the continuous value creation and problem solving. 
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Table 1 Relationship between requirements for method and the techniques 
themselves 
 
 
Herein, value engineering using a Participatory Model-based 
Learning Cycle (PMLC) is presented. PMLC involves all eight elements of the four 
phases: definition, analysis, design and implementation. Figure 1 illustrates that 
this value design engineering method is based on a combination of participatory 
systems thinking approach, a model-based systems engineering and learning cycle 
method. Participatory systems thinking is the most effective approach for the 
systematic understanding of the confluence of stakeholder understanding/mental 
models. The model-based systems engineering is essential for designing value 
providing system and its implementation methods. In this method, ideas between 
understanding/mental models and verification plans are linked to each other using 
a “model;” thus, the method is referred to as being model based. Each item, i.e., 
customer requirements, product parts, services, and verification plan items exhibit 
connectivity in the model. The eight elements are organized as follows: 1. self-
definition; 2. purpose definition in the definition phase; 3. environmental analysis; 
4. requirements analysis in the analysis phase; 5. concept design; 6. value chain 
design; 7. verification and validation design in the design phase; 8. implementation 
Model base
Systems 
Engineering
Capture system structure and 
the operation ● ● ● ●
Understand complex 
requirement and mental 
models of diverse 
stakeholders behind
● ●
Enable to design the holistic 
value for all stakeholders ● ●
System design of all value 
chain elements ● ●
Practical and verifiable plan ● ● ●
Implementation
Continuous problem-solving is 
required for ever-changing 
environments.
● ●
Stakeholders Participatory ● ●
●
Design verification plans for 
all value chain system
Model based systems 
engineering method Participatory 
system 
thinking 
approach 
Evolutionary 
Learning Lab 
(ELLab.)  as 
Learning cycle
The requirements for method 
Requirements 
analysis
System design
V&V
●●
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and reflection in the implementation phase. The following learning cycle involves 
reflecting upon the feedback on these eight elements obtained through 
implementation. The model evolves continuously through implementation, thus 
rendering it a “learning cycle.” The following is a detailed presentation of each 
element. 
 
Figure 1 Value chain design and engineering using a Participatory Model-based 
Learning Cycle. (PMLC)  
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3. Applied for actual cases 
 
 
In order to verify this method, this has been applied to three different 
actual cases. First, this method evaluated by applying for a development of new 
engine platform. Second applied case is a new business model creation. And the third 
one is the case study of solving social issues: NEET issue, which is the one people 
who are Not in Education, Employment or Training. Through the applied studies, 
the effectiveness of this method has been studied. This method is effective for the 
understanding of system, improving the identity of participants, the degree of 
leverage the diversity and investigation of stakeholders’ mental model. In addition, 
The method by using the expanded Quality Function Diagram enable to assign the 
all stakeholders’ requirements into value chain elements. The created value chain 
mutually complemented by all value providers who have different functions. This 
system model indicates the all connectivity between requirements and value chain 
elements as value providing system. Therefore, these models enable to modify 
systemically to adapt changes of environment, stakeholders’ requirements through 
the learning cycle. 
 
 
 
4. Conclusions 
 
 
Environments of Business competition and Social issue are increasing 
complexity. The complexity of elements depends upon stakeholder diversified and 
the difficulty in understanding the mental model of stakeholders. The complexity of 
connections depends upon the system structure itself becomes larger in scale due to 
expansion of the environment, and system operations being complicated by cross-
interference. The complexity makes new value creation and problem-solving 
difficult. In this study, a Value chain design and engineering method using 
Participatory Model-based Learning Cycle is proposed for complex competitive 
environments and solving social problems. The method is a combination of three 
methods, which are Participatory systems thinking approach to deeply understand 
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the mental models of stakeholders, Model-based systems engineering method for 
system analysis and value chain design and learning cycles of the Evolutionary 
Learning Lab (ELLab.) as a mechanism to continuously adapt the environment 
change.  
In this method, ideas between understanding/mental models and 
verification plans are linked to each other using a “system model,” thus the method 
is referred to as being model-based. The proposed method consists of four phases; 
requirements analysis, system design, Verification and Validation and 
implementation. In each phase, the methods are selected to suite the purpose of 
model creation through a participatory approach. As the requirements analysis, it 
is required to enable to capture complex requirement, understand the mental 
models of diverse stakeholders and understand systems and their operation. Ones 
on System design; it is required to be able to design a holistic value design for all 
stakeholders and value chain design to provide the holistic value. In order to verify 
and validate, verification plans for all value chain systems is required with highly 
practicability. As the requirements of Implementation, it enables to continuously 
solve and develop the value, providing system under ever-changing environments. 
This method has been applied in three studies; product development, business 
model creation and societal issue solving. Through the applied studies, this proposed 
method has been verified in terms of each requirement indicated in table 1 of 
requirements analysis, system design, verification and validation, and 
implementation of the learning cycle. In conclusion, the main findings of the study 
could be summarized as follows: 
 
(1) Requirements analysis 
This method is effective for the understanding of system, improving 
the identity of participants, the degree of leverage the diversity and investigation of 
stakeholders’ mental model.  
 
1. By visualized system as model, participant who could not join due to 
shallow understanding enables to involve the analysis. The visualized 
system model facilitates stakeholders’ understanding. This improves 
participants’ identity and the degree of diversity.  
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2. Participatory approach by using of the system model makes the system 
structure and operating mechanism clear to understand. Participants 
could define the system boundary, DMU, KSF of business. 
3. Exploring of a system model provided a systemic view. This effective 
to identify the significant requirements, leverage points, and 
understand mental model of stakeholders.  
4. Participatory model-based discussion from several viewpoints 
provides diverged idea. Moreover, analysis with the system model 
makes these elements converged. Therefore, this method is effective to 
participatory diverge and converge as system model.   
(2) System design 
This method is effective for holistic value providing system. The 
extended QFD to all value chain and stakeholders provide the connectivity from 
requirements and its importance of value chain element. In addition, the value 
providing system is mutually complemented with all functions of value provider. 
 
1. The method by using expanded Quality Function Diagram, enable to 
assign the all stakeholders’ requirements into value chain elements. 
This system model indicates the all connectivity between 
requirements and value chain elements as value providing system.  
2. The proposed expanded QFD for all value chain enable to design the 
value providing system, which is mutually complemented by all value 
providers who have different functions. 
3. The importance of the value chain element decided from the method 
enable to consider the efficient value chain design. In addition, the 
engineering metrics of value chain element allow to evaluate the value 
providing system for realization of the purpose.  
 
(3) Verification and Validation 
The system models created in this method provide the all verification 
and validation items. The V&V plan can be designed as participatory. 
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1. This method provides the connectivity of Stakeholders’ requirements 
to value chain elements. In addition, the value chain elements has the 
importance and engineering metrics to measure. In this approach, the 
value chain elements are assigned into components of deliverables. 
These connections make verification and validation items clear. This 
is a capable of enhancing the efficiency of verification.  
2. Model-based participatory systems thinking and engineering 
approach improvement of participants’ identity increases. This results 
the benefit that all value providers enable to collaborate to verify and 
validate to achieve the targets. In addition, this verification is 
conducted with high effectiveness and practicability.  
(4) Implementation 
This model-based learning cycle approach is effective for refining the 
value chain system and adapting the changes of environment or stakeholders’ 
requirements for an ongoing learning cycle.  
 
1. Model-based learning cycle enables to make step-by-step detailing and 
improving the value chain system. The system model and value chain 
can be developed by implementing the ideas and reflecting on the 
results. (learning effects)  
2. The systems model serves as a “thinking map” in the continuous 
learning cycles. Therefore, the model is preserved as success and 
failure model. 
3. This method provides the connectivity of Stakeholders’ requirements 
to value chain elements and deliverables. Therefore, these models 
enable to modify systemically to adapt changes of environment, 
stakeholders’ requirements by run the learning cycle. 
 
It is clear that a Value chain design and engineering method using Participatory 
Model-based Learning Cycle can therefore contribute significantly to create and 
maintain a viable for complex competitive environments and solving social 
problems. 
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